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@ Connector housing comprising a polybutylene terephthalate resin composition. 

© A connector comprising a housing comprising a polybutyiene terephthalate resin composition comprising: 

(A) 100 parts by weight of a polybutylene terephthalate resin having an intrinsic viscosity of from 1.10 to 1.30 
dl/g as measured in o-chlorophenol at 25 • C; 

(B) from 40 to 60 parts by weight of a copolymer of acrylonitrile and styrene; 

(C) from 10 to 20 parts by weight of a graft copolymer comprising: 

(CI) from 65 to 75% by weight of a copolymer comprising from 75 to 85% by weight of ethylene and from 
25 to 15% by weight of glycidyl methacrylate, and 

(C2) from 25 to 35% by weight of a copolymer of acrylonitrile and styrene; 

(D) from 0.05 to 0.5 part by weight of a hindered phenol compound represented by formula (I): 



CM 

o> 

OJ 

m 
in 



C ( CH^OCOC^H.,— <<; )\— OH ) , 



(I) 



wherein n represents an integer of from 0 to 6. and Ri and Ra each represents an alkyi group having from 1 
to 6 carbon atoms, a substituted alkyI group having from 1 to 6 carbon atoms, or a cycloalkyi group having 
from 3 to 6 carbon atoms: and 

(E) from 0.05 to 0.5 part by weight of a thioether compound represented by the following formula (II): 
(R3SR*COOCH2),„C(CH20H)4-„, (II) 

wherein m represents an integer of from 1 to 4. R3 represents an alkyI group, and represents an alkylene 
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group. 



FIG, 1 
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FIELD OF THE INVENTION 

The present invention relates to a connector which is lightweight and excellent in dimensional stability, 
heal resistance, mechanical property, and productivity and also in fitting feeling. 

5 

BACKGROUND OF THE INVENTION 

Connectors having various kinds of plastic housings (hereinafter, referred to simply as "connectors") 
have conventionally been used for connecting circuits of electric and electronic instruments or devices for 

10 use in motor vehicles. With the recent progress in the production of lower-pollution motor vehicles, there is 
a growing demand for more lightweight connectors. Further, with the trend toward performance and function 
increase in motor vehicles, the connectors have come to be required to have a smaller size, more 
complicated form, improved heat resistance, improved fitting feeling, etc. The connectors are also required 
to have improved productivity. 

75 Connectors made of a polybutylene terephthalate resin (hereinafter, sometimes referred to as "PBT 
resin") which have been used in motor vehicles in a large number are excellent in heat resistance, 
dimensional stability, moldabilit/. and other properties. However, these connectors have had a problenri of 
large weight due to the high specific gravity of the PBT resin. 

Although 6-nylon resins and 6.6-nylon resins may be advantageously used for the weight reduction of 

20 connectors since these resins have lower specific gravities than PBT resins, the nylon resins have had a 
problem that they exhibit high moisture absorption, and therefore the connectors suffer a dimensional 
change and deterioration in mechanical property upon moisture absorption. Thus, 6-nylon and 6.6-nylon 
resins fail to satisfy the demand for size reduction, moldability to the complicated shape, and improvement 
in fitting feeling of connectors. 

25 Other attempts have been made to reduce the weight of connectors by foaming or by incorporating a 
hollow filler, but such techniques have been defective in. for example, that accurate molding is difficult and 
the deterioration of mechanical properties is severe. 

There has not been a connector which satisfies all the performance requirements. 

30 SUMMARY OF THE INVENTION 

An object of the present invention is to eliminate the above-described problems of the conventional 
techniques and to provide a connector which is lightweight and excellent in dimensional stability, heat 
resistance, mechanical property, productivity, and fitting feeling. 

35 Other objects and effects of the present invention will be apparent from the following description. 

As a result of intensive investigations made by the present inventors in order to attain* the above 
objects, it has been found that the objects can be attained by forming a connector using a polybutylene 
terephthalate (TBP) resin composition comprising specific components in a specific proportion. The present 
invention has thus been accomplished. 

40 The present invention relates to a connector comprising a housing comprising a polybutylene tereph- 
thalate resin composition comprising: 

(A) 100 parts by weight of a polybutylene terephthalate resin having an intrinsic viscosity of from 1.10 to 
1 .30 dl/g as measured in o-chlorophenol at 25 • C; 

(B) from 40 to 60 parts by weight of a copolymer of acrylonitrile and styrene; 
45 (C) from 10 to 20 parts by weight of a graft copolymer comprising: 

(CI) from 65 to 75% by weight of a copolymer comprising from 75 to 85% by weight of ethylene and 
from 25 to 15% by weight of glycidyl methacrylate, and 
(C2) from 25 to 35% by weight of a copolymer of acrylonitrile and styrene: 
(D) from 0.05 to 0.5 part by weight of a hindered phenol compound represented by formula (I): 
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10 

wherein n represents an integer of fronrt 0 to 6. and Ri and R2 each represents an alky I group having 
from 1 to 6 carbon atoms, a substituted alky I group having from 1 to 6 carbon atoms, or a cyctoalkyi 
group having from 3 to 6 carbon atoms; and 

(E) from 0.05 to 0.5 part by weight of a thioether compound represented by the following formula (II): 

75 

(R3SR4COOCH2)a>C(CH2 0H)4-m (II) 

wherein m represents an integer of from 1 to 4, R3 represents an alky) group, and R* represents an 
alkylene group. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view illustrating an external connector housing of a motor vehicle connector 
according to the present invention. 
25 Fig. 2 is a perspective view illustrating an internal connector housing of a motor vehicle according to the 
present invention, and 

Fig. 3 is a cross-sectional view illustrating a connector of a motor vehicle according to the present 
invention, in which external and internal housings are fitted to each other. 

30 DETAILED DESCRIPTION OF THE INVENTION 

The PBT resin (A) as a component of the PBT resin composition used in the present invention can be 
produced from terephthalic acid or an ester-forming derivative thereof, e.g., a lower alcohol ester such as 
the dimethyl ester, and 1 .4-butanedioL The PBT resin (A) has an intrinsic viscosity of from 1.10 to 1.30 dl/g, 

35 preferably from 1.15 to 125 dl/g. as measured in o-chlorophenol at 25 *C. If the intrinsic viscosity thereof is 
less than 1.10 dl/g, the PBT resin composition has impaired toughness and impact strength and is not 
suitable as a connector material. If the intrinsic viscosity thereof is more than 1.30 dl/g, the PBT resin 
composition shows impaired flowability during injection molding, so that it is difficult to obtain satisfactory 
moldings in the case of producing complicated moldings such as connector housings. 

40 The acrylonitrile-styrene copolymer (hereinafter, sometimes referred to simply as "AS copolymer") (B) 
is incorporated in the PBT resin composition used in the present invention in an amount of from 40 to 60 
'"^ parts by weight, preferably from 45 to 55 parts by weight, per 100 parts by weight of the PBT resin (A) 
described above. If the amount of the AS copolymer (B) is less than 40 parts by weight, it is undesirable in 
that the effect of weight reduction, which is an object of the present invention, is deteriorated. If the amount 

45 thereof is more than 60 parts by weight, the excellent heat resistance and toughness inherent in the PBT 
resin cannot be exhibited, resulting in a resin composition unsuited as a connector material. The weight 
ratio of acryionitrile to styren in the AS copolymer (B) is preferably from 5/95 to 50/50. The AS copolymer 
(B) preferably has a melt flow rate (at 230 • C and a load of 3.8 kg) of from 5 to 30 g/lOmin, more preferably 
from 10 to 25 g/lOmin. and particularly preferably from 12 to 18 g/lOmin. 

50 The graft copolymer (C) in the resin composition used in the present invention comprises (Cl) 65 to 
75% by weight of an ethylene-glycidyl methacrylate copolymer and (02) from 25 to 35% by weight an 
acrylonitrile-styrene copolymer. 

The ethylene-glycidyl methacrylate copolymer (Ci) comprises from 75 to 85% by weight of ethylene 
and from 25 to 15% by weight of glycldyl methacrylate. If the glycidyl methacrylate unit content in the 

55 ethylene-glycidyl methacrylate copolymer (CI) is more than 25% by weight, the flowability of the PBT resin 
composition is impaired, resulting in difficulties in connector molding. If the glycidyl methacrylate unit 
content is less than 15% by weight, the mechanical properties of the PBT resin composition are impaired, 
resulting in a resin composition unsuited for use as a connector. 
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The content of the ethylene-glycldyl methacrylate copolymer (Cl) In the graft copolymer (C) is from 65 
to 75% by weight. If the content of the ethylene-glycidyl methacrylate copolymer (Cl) Is less than 65% by 
weight, low-temperature toughness ot the PBT resin composition is impaired, resulting in a resin composi- 
tion unsuiled as a connector material. If the content thereof is more than 75% by weight, mechanical 
5 properties of the PBT resin composition are impaired. 

In the acrylonitrile-styrene copolymer (C2). the weight ratio of acrylonitrile to styrene is generally from 
5/95 to 50/50, and preferably from 10/90 to 40/60. 

The graft copolymer (C) preferably has a melt flow rate (at 190*C and a load of 2.16 kg) of from 0.1 to 
1.5 g/min, and more preferably from 0.2 to 1.0 g/mln. 
10 The amount of the graft copolymer (C) incorporated in the PBT resin composition used in the present 
invention is from 10 to 20 parts by weight, preferably from 14 to 20 parts by weight, more preferably from 
1 6 to 1 8 parts by weight, per 1 00 parts by weight of the PBT resin (A). If the amount of the graft copolymer 
(C) is less than 10 parts by weight, toughness of the PBT resin composition is impaired, resulting in a resin 
composition insufficient in performance as a connector material. If the amount thereof is more than 20 parts 
75 by weight, it is difficult to apply the PBT resin composition to a connector because a connector housing 
insufficient in rigidity and terminal-holding strength. 

The PBT resin composition used in the present invention further comprises"" the' hindered phenol 
compound (D) and the thioether compound (E) as antioxidants. By using these compounds, the long-term 
durability of connectors has significantly improved. 
20 The hindered phenol compound (D) is represented by formula (I): 



C(CH20C0C„H: 




R2 

30 

wherein n represents an integer of from 0 to 6, and Ri and Ra may be the same or different and each 
represents an alkyi group having from 1 to 6 carbon atoms, a substituted alkyi group having from 1 to 6 
carbon atoms, and a cycloalkyi group having 1 to 6 carbon atoms, with a t-butyl group being preferred. 

35 Examples of the hindered phenol compound represented by formula (I) include pentaerythrityl tetrakis(3- 
(3.5-di-t-butyl-4-hydroxyphenyl)propionate). 

The hindered phenol compound (D) is incorporated in the PBT resin composition used in the present 
Invention in an amount of from 0.05 to 0.5 part by weight, preferably from 0.2 to 0.5 part by weight, per 100 
parts by weight of the PBT resin (A). If the amount of the hindered phenol compound (D) is less than 0.05 

40 part by weight, it is impossible to attain long-term heat resistance of such a level that the resin composition 
withstands use as a connector material, even if the hindered phenol compound (D) is used in combination 
with the thioether compound (E) described below. If the amount of the hindered phenol compound (D) is 
more than 0.5 part by weight, it is undesirable in that not only such amounts are uneconomical, but also the 
effect of improving long-term heat resistance cannot be enhanced any more and moldability and mechani- 

45 cal properties are reduced considerably, far from being improved. 

If the hindered phenol compound (D) is incorporated in the PBT resin composition used in the present 
invention but the thioether compound (E) described below is not used, the resin composition is insufficient 
in the heat resistance required as a connector material. By incorporating the hindered phenol compound (D) 
in combination with the thioether compound (E), a synergistic effect is produced. 

50 The thioether compound (E) is represented by formula (II): 

(R3SR4COOCH2)mC(CH20H)4-™ (II) 

wherein m represents an integer of from 1 to 4, Ra represents an alkyI group, and represents an 
55 alkylene group. 

Examples of thioether compound (E) include tetrakis(methylene-3-(laurylthio)propionato)methane. 

The thioether compound (E) is incorporated in an amount of from 0.05 to 0.5 part by weight, preferably 
from 0.2 to 0.5 part by weight, per 100 parts by weight of the PBT resin (A), tf the amount of the thioether 
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compound (E) is less than 0.05 part by weight, sufficient long-term heat resistance cannot be obtained, 
even if the thioether compound (E) Is used in combination with the hindered phenol compound (D) 
described above. Even if the amount of the thioether compound (E) exceeds 0.5 part by weight, the effect 
of improving heal resistance cannot be enhanced any more and the resin composition becomes disadvanta- 
5 geous in moldability. mechanical property, and cost, far from being improved. 

Various other additives can be further incorporated into the PBT resin composition used in forming the 
connector of the present invention, as far as the effects of the present invention are not impaired, in order to 
improve properties of the resin composition according to purposes. Examples of such additives include a 
stabilizer against weathering and light, a lubricant, a release agent, a nucleating agent, an antistatic agent, a 
w flame retardant» a surfactant, and a colorant. 

The PBT resin composition used in the present invention can be obtained by mixing the above- 
described ingredients (A) through (E), as well as other additives if used, and melt-kneading the mixture with 
heating. For the kneading, a conventionally known kneading device for compounds can be used, such as a 
single-screw or twin-screw extruder or a kneader. 
IS The connector housing used in the connector according to the present invention can be molded from 
the thus-produced PBT resin composition using a known injection molding machine or other known device. 

The connector housing of the connector according to the present invention can be appropriately 
designed depending on the end use, such as the number or the shape of holes into which terminals of a 
connector are to be inserted, the shape of the locking part, and the shape of the housing. Accordingly, the 
20 connector according to the present invention is not limited by any means by the end use, the kind or the 
shape. 

The present invention will be described in more detail by reference to the following examples, but the 
invention is not construed as being limited thereto. 

The following ingredients were used in the Examples and Comparative Examples: 
PBT resin (intrinsic viscosity, IV, in o-chlorophenol at 25 • C: 1 .20 dl/g) 
AS copolymer (weight ratio of acrylonitrile/styrene: 40/60) 

Graft copolymer of ethylene-glycidyl methacrylate copolymer and acrylonitrile-styrene copolymer 
(weight ratio of ethylene/glycidyl methacrylate: 83/17; weight ratio of ethylene-glycidyl 
methacrylate copolymer/acrylonitrile-styrene copolymer: 70/30) 
30 (D): Hindered phenol compound (antioxidant) (pentaerythrityl tetrakis(3-(3,5-di-t-butyl-4-hydrox- 
yphenyl)propionate)) 

(E): Thioether compound (antioxidant) (tetrakis(methylene-3-(Iaurylthio)propionato)methane) 



25 (A) 
(B) 
(C) 



EXAMPLE 1 

35 

The PBT resin (A) was mixed with the AS copolymer (B), the graft copolymer of ethylene-glycidyl 
methacrylate copolymer and acrylonitrile-styrene copolymer (C), the hindered phenol compound (D). and 
the thioether compound (E) according to the formulation shown in Table 1 . The mixture was melt-kneaded 
by means of a twin-screw extruder and the strands thus-extruded were cut with a pelletizer to obtain a resin 
40 composition in a pellet form. 

The resin composition was used to mold extemal and internal connector housings having the shapes 
— shown in Figs. 1 and 2. respectively, using an injection molding machine ("IS55EN". manufactured by 
Toshiba. Corp., Japan) under the following molding conditions, thereby to obtain a connector according to 
the present invention. 

45 

Injection Molding Conditions: 



Cylinder temperature: 


260 -C 


Mold temperature: * 


25*C 


Injection pressure: 


900 kgf/cm2 


Injection speed: 


intermediate 



55 The height, width, and depth (corresponding to 8, A, and C, respectively, in Fig. 1) of the external 
connector housings were 16.4 mm. 58.7 mm, and 38.0 mm. respectively, and the volume thereof was 11,85 
cm^. The height, width, and depth (corresponding to E. D. and F, respectively, in Rg. 2) of the intemal 
connector housings were 12.0 mm. 54.7 mm. and 22.0 mm, respectively, and the volume thereof was 5.45 
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cm^. In Figs. 1 and 2, numeral 1 denotes an external housing and 2 denotes an internal housing. 
EXAMPLE 2 

The PBT rubif! (A) was mixed with the AS copolymer (B), the graft copolymer of ethylene-glycidyl 
methaci yia:o copolymer and acrylonitrile-styrene copolymer (C), the hindered phenol compound (D), and 
the ihtootr»c< compound (E) according to the formulation shown in Table 1. The mixture was kneaded and 
extruded in the same manner as in Example 1 to obtain a resin composition. 

The fosm composition was used to mold connector housings having the same shapes as those in 
Exan*pi«' I iif>.Jcf the same molding conditions as in Example 1. thereby to obtain a connector according to 
the present invention. 

COMP ARATIVE CX>\MPLE 1 

Tho PtiT ro-.in «A| aiiDoc was used in place of the resin composition used in Example 1, as shown in 
Table i to m(.Ai corvH.<tor housings having the same shapes as those in Example 1 under the same 
molding comht^-^^ *s *i r»aT^p*o 1. thereby to obtain a comparative connector. - * - - 

COMPAR ATtM rxAMf>lE 2 

Connor if^ hi^i*»fv;^ hav%nQ the same shapes as those in Example 1 were molded under the same 
molding cr oiiino^i *5. in Fuvnpto 1 except that a 6,6-nylon resin ("2020 UW1", manufactured by Ube 
Industries. Ltd j.i(>*ini was us«irt in place of the resin composition used in Example 1 and that the cylinder 
temperature was ch^ngoO lo 280 ^C. Thus, a comparative connector was obtained. 

TABLE 1 



Formulation of Resin Composition 


»r»q'cO»ent (part by weight) 


. Example 


Comparative Example 






1 


2 


1 


2 


(A) 


PBT rcsin 


100 


100 


100 




(B) 


AS copolymer 


50 


55 






(C) 


Graft copolymer 


17 


23 








6.6Ny!on 








100 


(D) 


HifxJofCd phenol antioxidant 


0.1 


0.1 






(E) 


Thiocther antioxidant 


0.3 


0.3 







Each of the connector housings thus obtained was evaluated for the following properties and compared. 

(1) Lightweight Property: 

The specific gravity of tho connector housing was measured by a water substitution method. 

(2) Dimensional Stability against Moisture Absorption: 

The connector housing was conditioned at 35*C and 95% RH for 110 hours, and the dimensions of A, 
B, C. D. E, and F were measured to obtain a rate of dimensional change (%) due to moisture absorption at 
each site according to the following equation: 

Rate of Dimensional Change (%) = (A-B)/B x 100 

A: Each dimension at saturation of water absorption 
B: Each dimension immediately after molding 
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(3) Heat Resistance: 



The connector housing was heat treated at 120-C for 1,000 hours. A terminal having contact-bonded 
thereto a wire of about 100 mm in length was fixed to each of the thus heat-treated housing and the 
5 housing immediately after molding as shown in Fig. 3. The wire was pulled at a constant speed of about 
100 mm/min, and the load (kgf) required for the terminal to be drawn from connecting part 3 in Fig. 3 (i,e.» 
terminal retaining force) was measured. Any change of the appearance of the housing due to the heat 
treatment was also observed. 

10 (4) Fitting Property: 

After conditioning at 35 'C and 95% RH for 110 hours, the external housing was fitted into the interna! 
housing at a speed of 250 mm/min in a non-resonant box. The sound pressure of the sound generated from 
fitting part 4 in FIG. 3 at the time of fitting was measured with a noise meter, and the sound pressure was 
16 analyzed by an analyzing recorder manufactured by Yokogawa Hokushin Oenki Co.. Ltd. to evaluate fit of 
the two housings. The higher the sound pressure, the better the fit in connecting. 

The results of the above evaluations are shown in Tables 2," 3, and 4. " 



TABLE 2 

20 



Light Weight Property and Dimensional Stability against Moisture 


Example No. 


Specific Gravity 


Dimensional Change by Moisture Absorption 


A (%) 


B (%) 


C (%) 


D (%) 


E(%) 


F(%) 


Example 1 


1.18 


0.02 


0.04 


0.11 


0.12 


0.04 


0.14 


Example 2 


1.17 


0.01 


0.02 


0.08 


0.10 


0.03 


0.11 


Comparative Example 1 


1.31 


0.01 


0.08 


0.11 


0.16 


0.04 


0.21 


Comparative Example 2 


1.14 


1.10 


1.67 


1.49 


1.87 


2.11 


2.04 



TABLE 3 



45 



Heat Resistance 


Example No. 


Terminal Retaining Force (kgf) 


Change of Appearance 


Before Heat Treatment 


After Heat Treatment 


External 


Internal 


External 


Internal 


Example 1 


8.2 


7.8 


8.6 


8.4 


no change 


Example 2 


7.8 


7,6 


8.1 


8.5 


no change 


Comparative Example 1 


8.0 


7.6 


6.8 


6.2 


no change 


Comparative Example 2 


11.7 


10.0 


12.6 


11.1 


browned 



50 



55 
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TABLE 4 



Fitting Property 


Example No. 


Before Moistening 


After Moistening 


Maximum 
Frequency (kHz) 


Maximum Sound 
Pressure (dB) 


Maximum 
Frequency (kHz) 


Maximum Sound 
Pressure (dB) 


Example 1 


3.8 


91 


3.9 


87 


Example 2 


3.8 


90 


3.9 


. 87 


Comparative Example 1 


3.7 


90 


3.8 


87 


Comparative Example 2 


4.7 


81 


4.2 


68 



As Tables 2. 3, and 4 show, the connectors of Examples 1 and 2. which satisfy the constitution of the 
present invention, are low in specific gravity and excellent in lightweight property, have excellent dimen- 
-sional stability with completely no problem concerning dimensional change by moisture absorption, are 
excellent in mechanical property and heat resistance, and give a sufficient fitting feeling with substantially 
no decrease in fitting property by moisture absorption. 

The connector of Comparative Example 1 is inferior in lightweight property due to its high specific 
gravity and also has poor heat resistance, although it is excellent in dimensional stability, mechanical 
property, and fitting property. The connector of Comparative Example 2 is inferior in stability to dimensional 
change by water absorption and in fitting property, although it is relatively good in lightweight property. 

As described and demonstrated above, the connector of the present invention is lightweight, suffers 
substantially no dimensional change by moisture absorption, has high heat resistance and good mechanical 
properties (e.g., terminal-holding strength), gives extremely good fitting feeling, and has excellent productiv- 
ity. 

While the invention has been described in detail and with reference to specific embodiments thereof, it 
will be apparent to one skilled in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 

Claims 



1- A connector comprising a housing comprising a polybutylene terephthalate resin composition compris- 
ing: 

(A) 100 parts by weight of a polybutylene terephthalate resin having an intrinsic viscosity of from 
1.10 to 1.30 dl/g as measured in o-chlorophenol at 25 'C; 

(B) from 40 to 60 parts by weight of a copolymer of acrylonitrile and styrene; 

(C) from 10 to 20 parts by weight of a graft copolymer comprising: 

(C1) from 65 to 75% by weight of a copolymer comprising from 75 to 85% by weight of ethylene 

and from 25 to 15% by weight of glycidyl methacrylate, and 

(C2) from 25 to 35% by weight of a copolymer of acrylonitrile and styrene; 

(D) from 0.05 to 0.5 part by weight of a hindered phenol compound represented by formula (I): 



45 



C { CH^OCOC^H^,— <^^\— OH ) , ( I ) 

I 



wherein n represents an integer of from 0 to 6. and Ri and R2 each represents an alkyi group 
having from 1 to 6 carbon atoms, a substituted alkyI group having from 1 to 6 carbon atoms, or a 
cycloalkyi group having from 3 to 6 carbon atoms; and 

(E) from 0,05 to 0.5 part by weight of a thioether compound represented by the following formula 
(II): 
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(R3 Sa COOCH2 )mC(CH2 0H)4- m 

wherein rn represents an integer of from 1 to 4. R3 represents an aikyi group, and R4 represents an 
ulkylene yioup. 

A connectot as claimed in ciaim 1, wherein said hindered phenol compound (D) is pentaerythrityl 
lctraKis(3-(3,S-ci-t-bulyl-4-hydroxyphenyl)propionate), and said thioether compound (E) is tetrakis- 
(mcth y icnc- 3-< laury llhio)propionato)methane. 
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